Abstract. Lithium titanate, LTO, was synthesized by solid state reaction with Li 2 CO 3 and TiO 2 powder as precursors. The result was characterized to investigate its crystal structure, phase content, cell parameters, surface morphology, electrical conductivity and its performance as electrode in a lithium ion battery. XRD analysis with Le Bail refinement showed that the prepared materials consisted of 4 phases of Li 4 Ti 5 O 12 , Li 2 TiO 3 , anatase TiO 2 and rutile TiO 2 . The surface morphology was still not homogeneous, with an average grain size of 0.533 ± 0.157 µm. When 1% LTO was mixed with graphite and used as anode of an LFP battery, it produced a specific capacity of 130.66 mAhg -1 with Coulombic efficiency of 94.2%. When the composition was 5% of the total anode powder, the specific capacity was 118.74 mAhg -1 and Coulombic efficiency was 92.72%.
Introduction
The use of fossil energy can be reduced by utilizing energy sources such as wind and sunlight. However, to ensure that this energy supply is sustainable, those energy sources need to be connected to energy storage such as batteries [1, 2] . Batteries have the ability to store chemical energy that can be converted to electrical energy at a high conversion efficiency and without gas emission [3] . The rechargeable lithium-ion batteries (LiBs) have been widely developed because of their high energy density, long life cycle, and high battery efficiency [4] . Graphite is mostly used as the anode material due to its low cost, its abundance, and high theoretical specific capacity of 372 mAhg -1 [5] [6] [7] . However, graphite can undergo volume expansion up to 10% during charging, which can cause severe structural destruction [8] . In addition, dendrites can be formed on the surface of graphite due to its low potential compared to lithium oxidation (about 0.2 V versus Li/Li + ). This may cause a short circuit or can lead to safety issues in LIB technology [9] .
Lithium titanate, Li 4 Ti 5 O 12 (LTO), exhibits a high operation voltage, i.e. 1.55 V, compared to Li/Li + , which can reduce the formation of dendrites on the surface of the electrode, improving the structure stability of the electrode [8] [9] [10] . Meanwhile, the theoretical specific capacity of LTO from spinel to rock salt is about 175m Ahg -1 [11] . LTO has low intrinsic electrical conductivity (ca. 10 -13
S.cm -1 ) and poor lithium-ion diffusivity (ca. 10 9 -10 13 cm 2 .S -1 ) [12, 13] . Therefore, LTO needs modification to increase its electrical conductivity, for example by cation doping and conductive surface coating [11] . Previous research has succeeded in synthesizing an Li 4 Ti 5 O 12 /silicon composite that showed good rate capability in the presence of LTO [12] . Meanwhile, the nitridated mesoporus Li 4 Ti 5 O 12 structure enhanced the electrical conductivity and rate capability [14] . Some methods used to synthesize LTO are hydrothermal [13] , solvothermal, sol gel and solid state methods [15] . Solid state reaction is a simple method to produce a solid material without a specific instrument being required.
In this research, Li 4 Ti 5 O 12 was prepared by solid state reaction with two kinds of TiO 2 powder at different grades as starting material. The synthesis of LTO by solid state reaction usually uses Li source of LiOH but in this research the starting material was Li 2 CO 3 . By using Li 2 CO 3 , the formation of LTO will release CO 2 gas and leave an empty space for creating pores [16] . Meanwhile, LFP was used as the cathode because LFP has a high specific capacity of 170 mAhg -1 , is inexpensive and environmentally friendly [17] . For these reasons, LFP is widely used as cathode material in lithium ion batteries [18] [19] [20] . 
Experiment

Preparation of LTO
Analysis of Synthesized Materials
X-ray diffraction (XRD) analysis of the prepared sample was conducted with a Bruker D8 Advanced X-ray diffraction machine with Cu Kα1 radiation at λ = 1.542 nm, 50 kV in the 2Ɵ ranges between 10-80°. To study the sample's crystallinity and cell parameters, the diffraction data were refined using the Le Bail method with the RIETICA software application [22] . A scanning electron microscopy (SEM) test was conducted on an FEI Inspect s50 to investigate the surface morphology and estimate the particle size of the material. Pellets of TiO 2 -A, TiO 2 -B, LTO-A and LTO-B were prepared using a hydraulic press and then calcined at 500 °C for 2 hours. Impedance measurement was conducted using an LCR meter (LCR-8105G, 20Hz-5MHz) and the data were analyzed to calculate the electric conductivity. The impedance data were plotted as a Nyquist plot and the trendline was drawn according to the equation. The equation was used to determine cross points x 1 and x 2 between the curve and the x-axis. The distance between x 1 and x 2 is the resistance value.
Electrochemical Measurement
Anodes were constructed by coating an aqueous slurry containing composite powder (94.5 wt.%), acetylene black (1.00 wt.%), carboxy methyl cellulose and styrene butadiene rubber as binder (2.25 wt.%) onto a cooper foil with a thickness of 100 µm. The electrode was dried under vacuum at 120 °C for 24 hours and subsequently pressed by a lamination machine. The electrolyte was 1 M LiPF 6 in EC/DMC (1:1, v:v), while the commercial polypropylene wetted by LiPF 6 was used as the separator. The composite powder consisted of the synthesized LTO and commercial graphite at various mass ratios as listed in Table 1 . The commercial LiFePO 4 coated onto the Al foil was used as the cathode. The cylindrical battery cell was assembled in an argon-filled glove box. The LiFePO 4 /LTOG battery cells were charged/discharged between 2.5 and 3.65 V at a current of 100 mA and 1C (1C graphite = 372 mAg -1 and 1C LTO = 175 mAg -1 ). The specific capacity of the LTO/graphite composite was calculated by using the entire mass of the LTO and the graphite. The diffraction data were refined by the Le Bail method of which the results are shown in Figure 2 . Table 2 shows that the synthesized LTO-A and LTO-B contained cubic Li 4 Ti 5 O 12 , monoclinic Li 2 TiO 3 , TiO 2 anatase, and TiO 2 rutile. The amount of Li 2 TiO 3 monoclinic was still high due to the Li content being higher compared to that of Ti. The phase investigation confirmed that the solid state reaction did not produce 100% LTO powder, even though the reaction temperature was 800 °C for 4 hours. A longer reaction time may be required to ensure that the Li ions have sufficient time to go through the long diffusion path to TiO 2 structure [23] . Monoclinic Li 2 TiO 3 is stable up to 1155 °C [24] . During synthesis, a solid reaction occurs between Li 2 CO 3 and TiO 2 under high temperature.
The SEM image of the particle measurement result with MeasureIT analysis, as depicted in Figure 3 , shows that the prepared LTO has micro size particles. The size and shape of the particles are not homogeneous, where some of the small particles seem to have agglomerated into a larger size. The SEM image analysis using MeasureIT (free edition) obtained particle sizes of LTO-A and LTO-B of 0.521 µm ± 0.180 µm and 0.533 µm ± 0.157 µm, respectively. Meanwhile, the LTO synthesized using LiOH.H 2 O and TiO 2 as starting materials produced agglomerates of particles with a size of around 25-34 µm [25] , i.e. around 50 times larger than those produced by this research. Smaller particles are known to have an excellent rate discharge capability [26] . Therefore, the material with small-size particles is a promising electrode material due to the shorter distance for the Li+ ion diffusion and electron transfer [27] . It Table 3 . The result shows that the impedance value of the LTO was lower than that of the TiO 2 . This indicates that the ohmic resistance of the LTO is smaller than that of the TiO 2 when it is used as an electrode.
The conductivity values as calculated by Eq. (1) are also listed in Table 3 . The result shows that the materials have ionic and electronic conductivity, confirming the ability to be used as electrode. The conductivity value is still small because a single electrode measurement was conducted without the presence of lithium ions, which are usually supplied by the electrolyte. σ l RxA  (1) In order to investigate the ability of a battery with an LTO/graphite mixture to be used as an anode, a single cell was constructed with LFP as the cathode and LiPF 6 as the electrolyte. Figure 5 shows the charge and discharge curves of the LFP/LTOG battery and the LFP/graphite battery within a potential window of 2.5-3.65 V at current 100 mA. 9.250 Figure 5 shows that, initially, the charge capacity is obviously larger than the discharge capacity, which may indicate that a side reaction such as the formation of solid electrolyte interface (SEI) may have occurred [29, 30] . The presence of SEI on the electrode surface will prevent direct contact between the Li and the solvent, making the Li dynamically stable in some organic solvents [31] . However, after the first cycle, the electrode reaction shows a high chargedischarge reversibility. To investigate the fast charging ability, in this research, battery performance was tested under 1C current draw. The results are depicted in Figure 6 . Figures  6(a-d) show a more dense curve than Figure 6 (e). This indicates that the presence of Li 4 Ti 5 O 12 increases the stability of the battery and allows it to still have good performance even after charge-discharge under high current. Figure  6 (f) shows that the specific capacity of the LFP/G battery decreased faster and after 5 cycles the value was incomparable with that of the LFP/LTOG battery. This is shown by the slope value of LFP/G, i.e. 5.419 (Table 4 ). This indicates that the LFP/LTOG battery is more reliable for fast charging. The fast specific capacity reduction of the LFP/G battery is caused by the larger structural change in the graphite as shown by the increase of the cell parameters and the unit cell volume, which can reach up to 10% expansion [32] . Based on Table 4 , the discharge capacities of the LFP/LTOG-B battery are higher than those of the LFP/LTOG-A battery. This is probably caused by the higher percentage, smaller particle size and higher conductivity of the LTO-B than the LTO-A, as can be seen in Tables 2 and 3 . The smaller size of the crystal shortens the diffusion path in the intercalation and de-intercalation process of the Li + ions and also increases the contact area between the LTO and the electrolyte [23] .
A rechargeable battery, for example a lithium ion battery, will become an electrolysis cell during the charging process and a voltaic cell during the discharging process following the prediction of the reaction using an LTO/graphite composite anode and an LFP cathode, as expressed in the following Eq. (2) 
